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COMPLETE SPECIFICATION 
" Improved method of and apparatus for separating particles of 
different specific gravities and recovering those desired." 

spared vertical and circumferential inter- 
secting ribs or bands, discharging cashing 
or agitating liquid, generally water, or agi- 
tating fluid stab as air or carbonic or other 



I, Arnold Ne6bitt Macxicol, of No.^ 11 
Phillip Street, Sidney, in the State of New 
Soutb TVales and Commonwealth of Aus- 
tralia, Consulting Engineer, hereby declare 
5 lie invention and tbe manner in which it is 
to be jK-rforxned, to be fully described and 
ascertained in and by the following 
statement : — 

This invention relates to the reparation 
10 of particles of different specific gravities and 
recovery of those desired, and ba* Wen speci- 
nllv devised in order to provide an improved 
method of and apparatus whercbv the 
desired particles whether the heavier or 
15 lighter may be separated and recovered. 

The improved method of separating par- 
tide* of different specific gravities constitut- 
ing finely ground material and recovering 
tiioie de-sired, comprises the centrifugalizii- 

20 sion of either a continuous or intermittent 
supply or flow of a mixture of material con- 
stituted of finely ground particles nnd a suit- 
able liquid into a rapidly rotating vessel hav- 
ing a plurality of axially spaced, ci renin- 

25 ferentiallv arranged and centripetal!? dis- 
posed riffle? which mav be in any convenient 
form such as in the specification of my Aus- 
tralian Letters Patent No. 11AS1/34, or 



suitable gas or gases, radially or at suitable 5 
angle or "angles in the direction of the wall 
:md rifbV* thereof, and discharging at regu- 
lated pre.-sure washing or agitating liquid, 
generally water, or agiiatinc fluid, such as 
air or a suitable gas, from tue base or most ]0 
radial point of each riffle, centripetally, that 
ir against centrifugal action, or at an angle 
thereto, in order to stir and diffuse the 
lighter particles so that they will be carried 
up in the upwardly moving content of the 15 
vessel and away in the overflow therefrom, 
or may be skimmed off or otherwise removed 
at or near the top. 

The specific gravity of certain of the 
particles may he varied as convenient or 20 
suitflhle by the addition to the mixture of a 
suitable liquid such a? an oil of low specific 
gravity, or the discharge thereinto of a suit- 
able gas. or both liquid and pas, having a 
selective affinity for. or action upou, desired 25 
particles. 

It will be understood that when the speci- 
fic gravitv of such a particle i? altered by 
the addition of a liquid such as oil of low 
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tpeeific gravity or a gas such as carbonic 
iud, or botu, wi»icu will auntie to, envelop, 
or combine with tbe previously heavier valu- 
able particles, tbe specific gravity of tbe 
5 particle shall be that of the combination, aud 
in this circumstance tbe originally or natur- 
ally heavier particles become tbe lighter 
'particles and they are carried up to the top 
of the vessel and skimmed off or obtained 

10 j om the overflow. 

An improved apparatus according to one 
tonstruction comprises a vessel whose depth 
or length is preferably greater than its 
liameter which is adapted to be rspidiy 

15 : ota ted at desired speed upon its axis which 
may be vertical or horizontal, or at any 
angle therebetween, and, in one construction, 
has upon or in the inner face of it? wall a 
plurality of axially 6paced, circuinferentj- 

20 j ly arranged and centripetaliy disposed 
riffles, preferably in the form of centripet- 
ally open recesses which may be a circum- 
ferentially arranged plurality of indepen- 
dent though adjoinine recesses, though each 

25 may be unnular, and from the dee pest or 
tnos: radial point of rn jlqjfcnricm re-es^ s an 
orihee . and irom an annul ar recess a 
pj n ra l nv ol c) rcu mTeTen 1 i ally'sp Fced orifice ?. 
£nd upon or hUout the opposite, or more 

30 radial fine of the vessel, a jackej to form a 
c pmrnon passage to al) the oriiiZes whereby 
washing or agitating liquid or agitat ing 
fl uid may be discharged at regulated rl'rW - 
sure eith er continuously or intermitteni)T _ii» 

35 cause disturbance, agit ation^ or diffu sion of 
flTe lighter partlcTes^Ffhnt thev will \« - 
carried up in the upwirdly moving content 
of the vessel and may be skimmed off or 
otherwise recovered, or will be carried off in 

4 j the overflow from the vessel, and may it 
recovered therefrom, the pressure being such 
that it will be jus; sufficiently greater than 
the centrifugal momentum of the lighter 
particles and less than that of the heavier 

45 particles so that the latter will not l>e pie- 
vented from lodging in or upon the riffles or 
dislodged therefrom, but the former will be, 
r;id inside the vessel a mixture supply and 
discharge pipe or shaft, also a washing or 

5,i agitating liquid or agitating fluid supply 
nnd discharge pipe, or a spaced plurality 
Thereof. 

The ppparatus may comprise only one 
vp-o], l.ut preferably will comprise a 
55 plurality of vessels, either arranged vertir 
ollv. one above the other, or one within or 
nbont the other, npon a common hollow 
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shaft, each, except the highest or innermost, 
to receive the overflow from tbe adjacent 
vessel, and if desired in the multiple con- 
struction tbe liquid or fluid jacket about 
each vessel may he omitted. 6 

And in order that the invention and prac- 
tical applications thereof may be readily 
understood the some will now lie dcscrii*:d 
with reference to tbe accompanying draw- 
ings, in which: 10 

Figure 3 is a sectional elevation of an 
improved apparatus. 

Figure 2 is a fragmentary section of a 
vessel wall with modified arrangement of 
inlet openings. 16 

Figure 3 is a sectional elevation of a modi- 
fied construction of vessel. 

Figure- 4 is a sectional elevation of a 
muliipole vessel apparatus in a vertical 
arrangement. ™ 

Figure b is a fragmentary section of a 
modified arrangement of the vc*«els upon a 
common shaft, and 

Figure C is a sectional elevation of a 
multiple vessel apparatus in a horizontal 26 
arrangement. 

Referring to Figure 1, the vessel 11 which 
is mounted upon hollow shaft 12. which is 
in suitable bearings and adapted to be 
rotated by suitable means, such a.* pulley 14, SO 
and ha", openings 13 and is plugged tbere- 
Lclow, has riffles 15 formed on or seeured to 
the inner face of its wall, and from the 
deepest or most radial point between each 
pair of riffles 15. orifices 16. which may be 35 
replaced by narrow circumferentially 
arranged through slits or slots, has discharge 
openings 17 in tbe base 18. an d has there - 
about a supply and pressure jacket 19. "en- 
larged at the top to form a trough 20 which 40 
hr» = rleaning pings 21 thereinto, and the 
lionom is in eommunieation by pipes 22 ana 
e«»n motion 23 to the lower part of the hollow 
-haft 12. Supported beneath the ha>e of 
the vi*?*el is a receiving trough 24 with di?- 
ehorge direction spout 25. In c iuV the ve>sel 
is a washing or agitating liquid supply pipe 
26. or spaeed plurality thereof, having dis- 
cbarge openings 27 directed radially at suit- 
able angle. 50 

The orinVes 16 nwv be those in a woven or 
perforated screen or sheet 28 held in posi- 
tion upon the inner face of the vessel wall 
over lareer n r ifir.*c or sloi^29 therethrough 
liv jing^30 n rc^ed into position, and which 55 
mnysertSS riffles. 
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In a modified construction of the ve*scJ 
85 in Figure 3, it maj have the riffle? 15 
vertically disposed, and be provided with a 
vertically adjustable separate top rinj or 
ft ring 31 in order to vary the escape space 
between said rim and the vessel wall, a con- 
venient manner of supporting ibe rim and 
effect inp adjustment thereof in relation to 
the vessel top being a plurality of brackets 
10 32 upon tlie vessel and an operable threaded 
*'n'in 33 through each bracket 32. 

Thb construction and arrangeuieni of 
vessel i? suitable for operation when the 
heavier particles are to have their specific 
15 gravities reduced by the adhesion thereto, 
envelopment thereof, or the combining there- 
with of suitable buoyant material or sub- 
stance which has a selective affinity for, or 
action upon, desired particles which is added 
20 to or introduced into the mixture, either 
before it is fed into the vessel, or while 
therein, the adjustment of the top rim 31 
bv manipulation of stems 33 controlling the 
exit and overflow of the floating foam or 
25 froth bearing the particle? which have been 
carried up thereby or therein. 

Referring to Figure 4, h plurality of 
vessels 11 which may have riffles 15 formed 
a> shown, or otherwise desired, or as in 
30 Figure 1. are mounted vertically spaced 
upon a common hollow shaft 12 which is in 
*ui:able hearings, is adapted to be rotated. 
<uch a* through gear 34. has an opening 35. 
or u plurality thereof, to each vessel, and a 
35 .'lhlnl !c hollow valve rod 36 with opening:- 37 
through its wall to juxtapose with the open- 
ing 35 or pluralitr thereof, so that either, 
or all of the vessels may be opened, when 
desired, to the hollow shaft 12. which in this* 
40 arrangement is used as a discharge prpo. 

Inside each vessel is a mixture supply pipe 
38 which may be a branch from a main mix- 
ture supply pipe 39. also a washing or 
agitating liquid or fluid supply pipe 26 
45 which also may be a branch from a main 
pipe 40. 

The vessels may be constructed as shown 
in Figure 4 or with the addition of the 
jacket 19 thereabout, and a supply pipe 41 

60 ui» through the hollow shaft 12, and there 
rnav be a splash rase 42 about the apparatus 
with a declined bottom to a spout 43. 

In this arrangement, overflow from a 
higher ws?«-l will pa=s into the one there- 

65 under, nnd that from the lowest into the 
ea<c 42. 



So that one or *oiue of the vessels 11 upon 
the common shaft 12 may remain stationary 
while another or others are rotated thereby; 
they may lie arranged as in Figure 5, eacii 
vessel 11 being free to rotate upon the sha:; 5 
12. and supported by a friction block 44 
fast upon said shaft, and means are pro- 
dded for raising each vessel independent. y 
from it* block 44. such means conveniently 
being a lover 45 which is fulcrunjmed upon 1Q. 
a suitable support such as a bracket upon 
the splash case 42 or a bar 46 conveniently 
anchored, and has on one end forks 47, each 
carrying a roller 48. and its other end con* 
nected to an operable rod 49 or telescopic- 15 
ally arranged tubes 50. 

When it be desired to stop rotation of i 
vessel the requisite lever 45 is operated io 
raise the vessel from its supporting friction 
block 44. 20 

Referring to Figure 6, a plurality of 
vessels 11, which may be constructed in any 
of the manners before described, but re- 
quisitely of varying diameter*, may be 
formed integral, that is with a common base 25 
18 through which from each vessel are the 
discharge openings 17 into respective 
troughs 51. 53 and 55 which are connected 
by pipes 52. 54 and 56 to the hollow .shaft 
12 at different positions, and in which is the 30 
si i da be hollow valve rod 36. 

Inside the innermost vessel is the mixture 
supply pipe 38. and inside each vessel is a 
washing or agitating liquid or fluid supply 
pipe 26. or plurality thereof, and inside each 35 
vessel other than the innermost is a mix- 
ture overflow guide plate 57 which is at an 
angle reverse to that of the vessel's outer 
wall, and may be conveniently supported 
from the shaft 12 as shown. *® 

If it be desired that the vessels l»e pro- 
vided with external jacket 19. same may be 
lidded a* shnTvhT"5nrt lie connected by a pipe 
58 up through the hollow shaft 12. 

Asa convenience there may be provided a 45 
fixed gauge 59 .-♦'cured to any convenient 
support, and a pointer 60 on the sliding 
valve rod 36. 

The valve rod 36 may be removed from 
the hollow shaft 12 while the vessels are 50 
working, to avoid wear, but must be re- 
placed before the speed of the vessels is 
reduced low enough to allow the content 
to flow out of the vessels before desired. 

A high pre.-Mire jet of water may be 55 
forced down the centre of the hollow shaft 
12 to assist in the removal of tbp - iicrial. 
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In one operation (Figure 1) the vessel 11 
being rotated at requisite speed, the mixture 
is supplied thereinto either continuously or 
intermittently through hollow shaft 12 and 
5 its openings 13 at desired pressure, and dis- 
charges in the direction of the wall of the 
vessel and /or the riffles thereof, washing or 
agitating liquid is discharged either con- 
tinuously or intermittently at desired prcs- 

10 ure from the pipe or pipes 26 into and 
through the mixture, and _a __ farther or^ 
counter dis charge of the liq uid or otnn r 
liquid or Hind w tnrTI ts suppl i c d t!t roug h tluT 
lower portio n oTlfieT * haft _1 7, aridirr th^ 

13 rijJTTTZO^tlc. ja*duit-.i9..is. e:^^^iTrLiT£^ 
co « itinuouslv o r interm ittentl y through th e 
oTifice^ 

rflfl es 15 f t he object being" to att ain Jpurh - 
afice, a gitation and diffusion jjf the lighter 

20 particles so that they will be carriefl up to 
top of content of, or off in the overflow 
from, the vessel. 

At termination of operation, the vessel 
is flushed or washed out by requisite appli- 

25 ration of water to dislodge the heavier 
partifles which are between the riffles 15, 
and will be washed down into the trough 24 
and discharged through spout 25 to where 
required. 

30 If desired the heavier particles muy he 
allowed to pass through the vessel into the 
jacket 19 and be recovered therefrom such 
a.s by opening the lower end of the hollow 
shafr 12 and flushing through the plug-holes 

35 21. or bv opening those holes and flushing 
through the shaft 12 and pipes 22. 

With a vessel constructed and arranged as 
in Figure 3 with a hollow shaft 12 or a mix- 
ture supply pipe 38. and washing or agitat- 

40 ing medium supply pipes 26 therein, a sub- 
stance and or material which has a .selective 
affinirv for, or action upon, and will adhere 
to, envelop, or combine with, the. de*ired 
heavier particle* and render them lighter 

45 than the others is added or introduced to the 
mixture, through the pipes 26 if desired, and 
rotation of the vessel causes a separation 
and/or diffusion of the particles, and rho.^ 
which have been rendered lighter are car 

50 ried in the resultant froth or foam to the 
top and are either skimmed off or are 
allowed to overflow through the space 
between the vessel rim and the adjustable 
ton ring 31. 

55 The ~ "Deration with an apparatus as 
shown in Figure 4 and in Figure 6. is much 
the same as described with reference to 

7 



Figure 1 though repetitional aeeording to 
the number of vessels provided, mixture 
being supplied through pipe 38 to each 
vessel, as in Figure 4, in a- id i don to tiinc 
overflowing from a higher into a lower ve--°l, 5 
but to only the innermost ve^el wb»»n tlwy 
are arranged a.s in Figure 0\ and the over- 
flow front that vn.-.-fl will have* to pu-s down 
bet ween the wall and the plate 57 fo escape 
into the next vessel, and so on. ^ 

Having »iow fully described and ascer- 
tained my said invention and the manner 
in which it is to be performed, I de.-laru 
that what [ claim is: — 

1. Improved method of separating par 15 
tides of different specific gravities and re- 
covering those desired, consisting in the cen- 
trifugal izat ion of a mixture of such particle 
and liquid discharged into a requisite!;/ 
rotated vessel towards the wall which is 20 
adapted to receive and retain the heavier 
particles, discharging washing or agitating 
liquid or agitating fluid into the mixture in 
said vessel in the direction of the wall of said 
vessel, and discharging washing or agitating 25 
liquid or agitating fluid through the wall of 
<aid vessel in centripetal direction, to cau-e 
agitation in the conteut and separation 
and 'or diffusion of the lighter particles 

that said particles will he carried off in the 30 
overflow from said vessel. 

2. Improved method of separating 
particles of different specific gravities and 
recovering those desired as in Claim I. in 
which the wall of the vessel has eentripe:- 35 
ally disposed or open riffles and washing or 
agitating liquid or agitating fluid is dis- 
charged through orifices in said wall at or 
about the deepest or most radial point be- 
tween or in the riffles of said wall. *° 

3. Improved method of separating 
particles of different specific gravities and 
recovering tha*e desired substantially as 
described and explained with reference to 
Figure 1 of the drawings. * 5 

4. Improved method ; of separating 
particles of different specific gravities and 
recovering the desired heavier valuable 
parties consisting in the ceutrifugaliza 
tion in a suitable vessel of a mixture of 50 
particles and suitable liauid to which is 
added or introduced a substance or material 
which will adhere to., envelop or combine 
with the heavier valuable particles to 
render them of les^ specific gravity than 55 

8 



1935. 



22,055/JS. 



die other previously lighter particle*, su thai 
they will pa^s to the top nf the vessel ro he 
recovered. 

5. Improved method of separating 
5 pstrticlc* of different specific gravities and 

rccovriug the desired heavier valuable 
particles as in Claim 4 hereof, iit which a 
washing or agitating liquid or agitatiug thiid 
is discharged into the mixture during the 
10 centrifugalization. 

6. Improved method of sepa rating 
particles of different specific gravities and 
recovering the desired heavier valiiahic 
particles substantially a> de-crihrd and e\- 

15 plained with reference to Figure :i of tin- 
drawings. 

7. ffiipi'Mwd applicant- fur M*p;tr;it ing 
partible* of diff*M»'nt specific gravities and 
recovering :hose desired, comprising a rotat- 

20 able ves.-el having rirfh-s upon or in the inner 
fare of its wall, openiugs through the wall 
between the riffles or thereinto, means for 
supplying liquid or fluid to the outer end of 
said openings, and inside the vessel a mix- 

25 ture supply pipe and a washing or agitating 
liquid or fluid supply pipe or plurality 
thereof respectively adapted to discharge 
mixture ami washing or agitating liquid or 
agitating fluid at desired angle or angles 

30 towards the wall of the vessel. 

S. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired, comprising a 
rotatable vessel having riffles upon the inner 

35 face of its wall, a top ring vertically adjust- 
able in relation to the rim of the vessel, aud 
means for effectine the adjustment of said 
ring. 

9. Improved apparatus for separating 
40 particles of different specific gravities and 

recovering those desired, comprising a ver- 
tically spaced plurality of vessels upon j 
common rotatab!e vertically disposed shaft, 
and means for supplying mixture to the 
45 uppermost or each vessel and means for dis- 
charging washing or agitating liquid or agi- 
tating fluid in each said vessel. 

10. Improved apparatus for separating 
partible- of different specific gravities and 

50 recorerim: tho-e desired, comprising the 
combination with on* 1 or more of the vessels 
as in Claim 0. of means for discharging 
liquid or fluid through its wall between or 
into the riffles on the inner face thereof in 

55 a direction against, or at an angle to. centri- 
fugal action. 

9 



11. Improved apparatus for separating 
particles of different specific gravities auu 
recovering those desired .as in Claims 9 or 
10 in which the vessels are diseugageahle 
from the rotating shaft so that one or some 5 
may remain stationary while the others are 
rotated with said shaft. 

12. improved apparatus for separating 
particles of different* specific gravities and 
recovering those desired, comprising a hori- 10 
;ron tally arranged plurality of vessels upon 

a common . vertically disposed rotatable 
-haft, ami means for supplying mixture t«« 
the innermost or each of the vessels and 
means for discharging washing or agitatiug 15 
liquid or agitating fluid in each said vessel. 

lo. Improved apparatus for separating 
particles of different specific gravities and 
recovering tho<e desired, comprising the 
combination with each of the vessels other 20 
than the outermost as in Claim 12, of nieani 
for directing the overflow to near the bottom 
of the next outer vessel. 

14. Improved apparatus for separating 
particles of different specific gravities and 25 
recovering those desired, comprising the 
combination with one or more of the vessels 

as in Claim V2 t of means for discharging 
liquid or fluid through its wall between or 
into the rithVs in a direction against, or at 30 
an angle to. centrifugal action. 

15. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 35 
Figure 1 of the drawings. 

16. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 40 
Figures 1 and 2 of the drawings. 

17. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired substantially ai 
described and explained with reference to 45 
Figure 3 of the drawings. 

IS. Improved apparatus for separatiuc 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 50 
Figure 4 of the drawings without means for 
discharging liquid or fluid through the walls 
of the vessels. 

19. Improved apparatus for separating 
particles of different specific gravities and 55 
recovering those desired substantially as 
described and explained with reference to 

10 
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Figure 4 of the drawings with mean? for 
discharging liquid or tfuid through the walls 
of the vessels. 

20. Improved apparatus for aeparatmg 
5 particles of different specific gravities and 

recovering those desired substantially a J 
described and explained with reference to 
Figures 4 and Z of the drawings. 

21. Improved apparatus for separating 
10 particles of different specific gravities and 

recovering those desired substantially as 
described and explained with reference to 
Figure 6 of the drawings without means for 
discharging liquid or fluid through the walls 
15 of the vessels. 

11 



22. Improved apparatus for separating 
particles of different specific gravities and 
recovering those desired substantially as 
described and explained with reference to 
Figure 6 of the drawings with means for 
discharging liquid or fluid through the walls 
of the vessels. 

Dated thia thirty-first day of January, 
a.d. 1936. 

Arnold 'Xesbitt iLicxicoL, 

By his Patent Attorney, 

Perct Xewelu 
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